We evaluated efficacy and safety of occlusive radiofrequency catheter ablation (o-RFA) using our thermal balloon catheter (TBC) at superior vena cava (SVC)-right atrial (RA) junction (SVCJ) compared to that of RFA with a standard-tip catheter. Methods: To electrically isolate (SVCI) SVC from RA in 10 pigs (group 1), the initial o-RFA at a balloon surface temperature of 53:9 AE 3:0 C for 3-5 min (13.56 MHz) was achieved at the SVCJ completely obstructed with an inflated balloon. If unsuccessful, subsequent o-RFA was repeated in a 5 C increments until reaching either SVCI or sinus arrest. Before and after each o-RFA, stimulation protocol from the RA was performed. Additionally, in 5 different pigs (group 2), RFA at 55 C ( 50 W) for 1 min with a 4 mm-tip catheter was achieved at multiple sites along the SVCJ. Finally, the neighboring tissues of the SVCJ were histologically investigated. Results: In group 1, successful SVCI could be easily accomplished at the final temperature of 57:2 AE 2:4 C; however, in 3 pigs, a new atrial tachycardia was induced after o-RFA at <55 C and in 2 pigs sinus arrest occurred during o-RFA at 60 C. Histologically, transmural and circumferential contraction band necrosis was mainly confirmed around the SVCJ without damage to collateral tissue. In group 2, coagulation necrosis occupied almost all the ablative lesions, leading to severe degeneration of collateral tissue. Conclusion: O-RFA at the SVCJ may be more feasible and safer than RFA. (J Arrhythmia 2007; 23: 35-45) 
Introduction
Radiofrequency catheter ablation (RFA) aiming at electrical isolation of all pulmonary veins can cure paroxysmal atrial fibrillation. 1, 2) Moreover, it was suggested that pulmonary vein isolation with an additional ablative line on the posterior wall of the left atrium had been effective to decrease the recurrence rate of paroxysmal atrial fibrillation in the long term.
3) However, such extensive ablation caused a pyloric spasm 4) or atrial-esophageal fistula, 5) as newly-observed lethal complications. Also, paroxysmal atrial fibrillation originating from the superior vena cava (SVC) [6] [7] [8] has been observed. Therefore, electrical isolation (SVCI) between the SVC and the right atrium (RA) can help prevent the recurrence of paroxysmal atrial fibrillation after successful pulmonary vein isolation. However, ablation near the SVC-RA junction (SVCJ) can cause phrenic nerve (PN) paresis [9] [10] [11] due to the anatomical relationship between the PN and the SVCJ, 12) and rarely causes severe injury to the sinus node (SN), which requires implantation of a permanent pacemaker. 8) Basically, these complications are mainly caused by the fact that RFA using a standard-tip or a cooled-tip ablative catheter can create unexpected deeper lesions because of discrepancies between the catheter tip and tissue temperature. 13) Previously, we demonstrated our unique occlusive radiofrequency thermal balloon catheter (TBC; Toray Industries, Inc., Tokyo, Japan) system 14) and showed that it had been effective for human pulmonary vein isolation.
15 ) The objectives of this in vivo study were to electrophysiologically and histologically evaluate efficacy and safety of o-RFA using a TBC at the SVCJ for producing SVCI, especially from the standpoint of its acute thermal effects on contiguous tissues including the SN and the PN.
Methods
All experiments were performed in accordance with the Guidelines for Animal Experimentation at Hayama Heart Center. The following procedure was performed in 15 anesthetized, closed chest pigs under artificial ventilation with multiple sites of cannulation, including the right jugular vein and the left femoral artery. After completing cannulation, heparin with a dose of 100 U/kg of body weight was initially injected, and subsequently 1000 U per hour was added.
O-RFA in Group 1 (#1-10) Determination of the SVCJ and Electrophysiological Study
First, the site of SVCJ was fluoroscopically determined as the confluence of the SVC and the RA by angiography with contrast medium injected through the right jugular vein without evaluation of intracardiac potentials. Then, the diameter of the SVCJ was measured with a digital caliper on the SVC angiogram. Subsequently, a quadripolar electrode was positioned in the RA. A basket catheter (diameter, 31 mm) with 64 electrodes in 8 splines (Boston Scientific Co., USA) was introduced into the SVC and the proximal electrode pair was fluoroscopically positioned at the SVCJ. For evaluation of SN function, constant RA pacing at a rate of 150 beats per minute was applied for 60 sec, and then the corrected SN recovery time was calculated. In order to verify the presence of SVC potentials (SVCPs), extrastimulation of the RA was performed. The TBC used in this study ( Figure 1 , left panel) has been described previously. 14, 15) In short, this catheter consisted of a balloon made with heat-proof, antithrombotic and semi-compliant resin and double shafts of 5 and 11Fr with a central lumen of 4Fr. The balloon was made to expand up to about 1.2 times larger than the preset size (diameter of 20 or 25 mm) depending on the volume of fluid injected. Also, there are a unipolar coil electrode and a thermocouple sensor inside the balloon. The ablative current at 13.56 MHz (Medix Generator, Nihon Medix Co., Ltd., Japan) was delivered for 3-5 min between the coil electrode and an electrode plate positioned on the body surface. Mechanistically, the applied energy initially warms the central fluid around the coil electrode up to the preset temperature, then the temperature of the entire intra-balloon fluid is made uniform and maintained at a constant level by the operation of an agitating apparatus connected to the balloon. Completing such a series of temperature distribution requires at least 1 min. After the basket catheter was removed, a TBC with the balloon diameter of either 20 or 25 mm according to that of the SVCJ was introduced into the SVC and positioned under fluoroscopic guidance so that the central portion of the balloon filled with an even mixture of a contrast medium and physiologic saline would be located at the SVCJ. The volume of the fluid was adjusted to make the balloon diameter 5-10 mm larger than that of the SVCJ. When it was fluoroscopically confirmed that contrast medium injected through the right jugular vein did not leak from the SVC into the RA, complete obstruction of the SVC by the inflated balloon was verified ( Figure 1, right panel) and the catheter position was considered optimal for o-RFA. To measure the temperature of the balloon surface, a unipolar thermometer probe with a diameter of 0.9 mm (Tissue Implantable Thermocouple Microprobe, Physitemp Instruments Inc., USA) was firmly positioned at the interface between the balloon and the contacting tissue through the right jugular vein under fluoroscopic guidance ( Figure 1, right panel) , and the temperature was maintained at a preset value by regulating the output of o-RFA energy. After o-RFA was terminated and the TBC was replaced by the basket catheter, the previous stimulation protocol was repeated. SVCI was considered successful when either total elimination of SVCPs or electrical dissociation of SVCPs and RA potentials was confirmed. The initial temperature of o-RFA was set at a mean of 53:9 AE 3:0 (ranging from 50 to 60) C. If unsuccessful, subsequent o-RFA was carried out with a temperature step-up of 5 C, again followed by the aforementioned stimulation protocol. These procedures were repeated until the attainment of the end point, which was either successful SVCI or the occurrence of sinus arrest >2 sec. At the end of the procedure, SVC angiography was repeated and compared with that before ablation.
RFA in Group 2 (#11-15)
In group 2, after determination of the SVCJ by the same methods as in group 1, to histologically evaluate the effect of heat on the SVCJ and the collateral tissues including the PN by energy applications, RFA at 55 C and 50 W (500 KHz) with a 4 mm standard-tip ablative catheter (Polaris T, Boston Scientfic Co., USA) was performed at multiple anterior to lateral endocardial sites along the SVCJ for 1 min in a point-by-point fashion. Care was taken so that these ablative sites did not overlap individually with the assistance of multiple fluoroscopic images of right anterior oblique, anteroposterior and left anterior oblique positions. To electrophysiologically evaluate the SN function, the same pacing protocol as in the group 1 was performed before and after RFA; however, it was not investigated whether or not SVCI was accomplished.
Throughout the entire procedure, the arterial blood pressure was monitored through the femoral artery. Finally, immediately after the achievement of the procedures, all animals were sacrificed and all hearts were excised and fixed in 10% formaldehyde solution.
Histological Examination
After fixation, the region surrounding the ablative sites, including the SVC, the SN and the upper part of the RA, was serially sectioned into 6 to 10 blocks of 5 mm in thickness perpendicular to the tricuspid annulus and embedded in paraffin. Subsequently, each block was sliced in 3 mm thickness and retained These panels show the records of extrastimulation of the high right atrium (HRA) at a coupling interval of 220 msec with a basic cycle length of 600 ms. From top to bottom, surface ECG lead II, HRA, and the spline-electrodes of a basket catheter, E to H. S1, A1, SVCP1 and S2, A2, SVCP2, pacing spikes, atrial potentials, SVC potentials correspond to basic and extra-stimuli, respectively; 1-2 and 7-8 correspond to the distal and proximal electrode pair, respectively. These abbreviations also apply to the following figure. In panels A and B recorded before and after the initial ablation at 52 C, respectively, the S2 extrastimuli unveiled the SVCPs with a proximal to distal activation sequence (indicated by arrows). Note that panel B reveals a widened duration of the SVCP2 and a local conduction block between the 5-6 and 3-4 electrode pairs in E and F or between the 7-8 and 5-6 in G. In panel C after the third o-RFA at 60 C, all the SVCPs were finally eliminated. Note the marked attenuation of atrial potentials and the marked prolongation of conduction interval from the S2 to the A2. on a glass slide and finally, stained by Hematoxylineosin, elastica-van Gieson and Azan.
Statistical Analysis
All data were expressed as the mean values. To compare the values of corrected SN recovery time before and after SVCI, paired Student t test was used, and to compare the relationship between the ratio of the damaged SN area and the ablative temperature, Kruskal-Wallis test was used. To compare the other values, unpaired Student t test was used. A p value <0:05 was considered statistically significant.
Results

Group 1 (#1-10)
Successful SVCI was achieved in all cases. The characteristics of ablative procedures in individual case are shown in Table 1 . The average initial and final ablative temperatures were 53:9 AE 3:0 and 57:2 AE 2:4 C, respectively. The average number of energy deliveries necessary for achievement of SVCI was 2:0 AE 0:9. Figure 2 depicts an intracardiac recording sample of successful SVCI from case #3. As for the other indexes, mean value of body weight, diameter of SVC orifice, maximum of the energy output, and total duration of energy deliveries was 32:4 AE 2:9 kg, 18:6 AE 2:0 mm, 86:4 AE 37:2 W, and 6:4 AE 3:1 min, respectively. Interestingly, in 3 cases (#2, 4, 5), a new sustained atrial tachycardia was initiated by extrastimulation from the RA after o-RFA at <55 C ( Figure 3) . Such tachycardias were no longer induced after subsequent energy applications at higher temperature eliminated the SVCPs. Contrarily, in 2 cases (#3, 10) sinus arrest occurred during o-RFA at 60 C (Table 1) , of which the durations lasted for 3.2 sec and 2.8 sec, respectively. Thereafter, the sinus cycle length rapidly returned to the value before the ablation with no pharmacological support. In 8 cases in which corrected SN recovery time could be determined, a significant difference was observed between the values at baseline and after the final ablation (85 AE 69 ms vs. 175 AE 102 ms, P = 0.03) ( Table 1) . HRAd and p, the distal and proximal electrode pair of HRA, respectively; As, atrial potential in a sinus beat; Ae and SVCPe, atrial potential and SVCP during the atrial tachycardia, respectively. These panels show the extrastimulation with a basic cycle length of 600 ms from the HRAd at baseline (the left panel) and after the 2nd o-RFA at 54 C (the right panel). In the left panel, the S2 extrastimulus at a coupling interval of 200 ms failed to fully separate the SVCP2 from the A2. On the other hand, the right panel reveals that the S2 at a coupling interval of 210 ms resulted in the separation of the SVCP2 from the A2. Furthermore, the sufficient conduction delay between these potentials allowed the initiation of the atrial tachycardia. See text for detail.
Histological Findings
Macroscopically, in all cases the endocardial ablative lesion around the SVCJ was definitely demarcated by mild edematous change and brownish discoloration from the intact myocardium and possessed no thrombotic formation, perforation or stenosis. Histological examination of the SVC and the adjacent RA tissue revealed the presence of atrial myocardial sleeves in all, extending into the SVC in variable lengths ( Table 2 ). The mean size of the longest myocardial sleeve measured from the SVCJ was 11:6 AE 1:9 mm. Similarly, in the extension of the damage, a mean length from the SVCJ into the SVC was 10:6 AE 3:0 mm, whereas the mean length toward the RA was 4:3 AE 2:1 mm. As a result, the mean length of damaged tissue was 14:9 AE 3:7 mm. Regarding the necrotic lesions, circumferential and transmural contraction band necrosis was observed in all (Table 2) ( Figure 4A ). In addition, areas of coagulation necrosis, indicating severer damage than those of contraction band necrosis, were seen around the SVCJ in 2 cases ( Table 2) . Although it was difficult to macroscopically determine the precise location of the SN, microscopically it was localized in the lateral aspect and several millimeters below the SVCJ and surrounded by the necrotic lesions ( Figure 4A) . Eventually, in all cases destruction of nodal cells was histologically demonstrated ranging from 5 to 50% of the total SN area ( Table 2) . Damaged nodal cells had a trend to be clustered along the edge of the SN, whereas the central SN tissue was spared as indicated by the presence of almost intact autonomic nerve fibers ( Figure 4B ).
After all, a close relationship between the final temperature and the size of necrosis in the SN was statistically confirmed (Table 3 ; P = 0.04). Likewise, macroscopically the PN was observed closely near the SVCJ 12) and localized over the ablative lesion in all cases; however, microscopically no thermal injury was found in the nerve fibers at all ( Figure 4C) .
Regarding complications, a mild transient reduction (<20 mmHg) of arterial blood pressure was observed in all cases during energy delivery and acceleration of sinus rhythm was transiently noted after ablation. In no cases, cardiac function was seriously impaired. Furthermore, neither thrombotic formation on the balloon surface, stenosis or perforation of the SVC was observed.
Group 2 (#11-15)
The characteristics of ablative indexes are shown in Table 1 . Mean value of body weight, diameter of SVC orifice, the number of energy deliveries, MS, the longest length of atrial myocardial sleeve; dis-SVC, the distance of SVC lesion from the SVCJ; dis-RA, the distance of right atrial lesion from the SVCJ; Sum, dis-SVC plus dis-RA; N-patterns, patterns of SVC necrosis caused by ablation; DA of SN, ratio of damaged area in the sinus node; CBN, contraction band necrosis; CN, coagulation necrosis.
Table 3
Relation between the final ablative temperature and the ratio of damaged-area in the sinus node in group 1.
Final ablative temperature ( C)
Ratio of damaged area in the sinus node (%) <55 55 >55 maximum of the energy output, and total duration of energy deliveries was 32:0 AE 1:4 kg, 18:8 AE 2:9 mm, 5:0 AE 0:7, 28:0 AE 10:4 W, and 5:0 AE 0:7 min, respectively. Also, the number of ablative points in each case corresponded to that of energy deliveries because individual ablative points did not overlap as stated in the method section. There are no significant differences between the two groups regarding all parameters except the number of energy deliveries and maximum energy output ( Table 1) . In comparison with the values of c-SNRT before and after RFA, there was no statistical significance (P = 0.06). Although this RFA could not cause any new arrhythmia, in case #14 twitching of the right diaphragm was observed during current delivery.
Histological Findings
Macroscopically, in all cases multiple spotty lesions (diameters < 10 mm) identical with the ablation sites were observed changing into a dark brown color with the degeneration of the parietal pericardium and could be definitely distinguished from the surrounding intact SVCJ. Microscopically, all these lesions were occupied by the severe degeneration of the transmural coagulation necrosis CBN, contraction band necrosis; CN, coagulation necrosis; Endo, endocardium; Epi, epicardium; Hem, hemorrhage; PN, phrenic nerve; SNA, sinus node artery. Panel A (case #3) shows the RA tissue about 5 mm below the SVCJ including the SN surrounded by multiple black arrows. The SVCJ was toward right as indicated by an arrowhead. CBNs in black letters (darkly stained portions) were transmurally observed in the RA encircling the SN. The area of the necrotic SN region (CBN in white letters) and that of the intact region (Nor, palely stained portion) were similar (50% damaged area), marking the borderline between the two areas by a white broken line. Panel B (case #9) shows a high magnification image of the SN surrounded by multiple black arrows. CBN lesions were noted toward the peripheral region of the SN. However, autonomic nerve fibers surrounded by multiple small arrow heads remained almost intact. In panel C (case #3), the SVC is toward left and the PN toward right. Although both CBN and CN were transmurally and circumferentially observed in the SVC, the PN remained totally intact. CN>CBN and CBN>CN indicate dominance of the type of necrosis depending on the part of SVC, implying that the heat injury of the former was severer than that of the latter. These abbreviations apply to the following figure. All specimens are in Azan stain. Figure 5 Histologic findings of the contiguous tissues including damaged PN fibers of case #14 in group 2.
Epin, epineurium; Peri, perineurium. Panel A shows the SVC and the contiguous tissues with a low power view (Â20), of which the right direction indicates the head. In the left lower portion, the myocardial sleeve (indicated by arrows) into the SVC from the RA is degenerated into CN and in the right upper portion, the damaged PN fibers are observed. Also, an artery (A) and a vein (V) localized in the epicardium show severe damage. Panel B shows bundles (PNBs) of the PN injured by ablation with a middle power view (Â100). A lot of vacuolar degenerations are widely observed in the nerve fibers within a PNB. F indicates fat. Panel C shows that there are the severe vacuolar degenerations in almost all axons (Ax) and myelin sheaths (My) of the damaged nerve fibers within a PNB with a high power view (Â200). All specimens are in Azan stain. and mild to moderate hemorrhage ( Figure 5A ), which extended to the epicardium. Additionally, in two (#13, 14) a small amount of thrombotic formation was observed in the endocardial ablative lesions. These cases required relatively high output energy (35 and 40 watts) in order to keep the temperature of the ablative catheter tip at 55 C. More importantly, in case #14, it proves that the ablations caused great damage to collateral tissues including the PN, an artery and a vein within the pericardium in the vicinity of the SVCJ ( Figure 5A) . Namely, severe irreversible degenerations were found in myelin sheaths and axons of almost all the PN fibers ( Figure 5B, C) . However, in the remaining cases no damage to the PN was observed at all.
Discussion
Histological demonstration of myocardial sleeves in the SVC of group 1 substantiated the report on humans that extension of atrial tissue into the SVC was quite common. 16) Thus, following successful isolation of all pulmonary veins, the SVC can act as a remaining arrhythmogenic substrate for the recurrence of paroxysmal atrial fibrillation. Therefore, our study showed that in group 1 o-RFA using our TBC at the SVCJ could easily eliminate the SVCPs with the setting of the balloon-tissue interface temperature of !55
C. Ablation at 60 C has, however, caused mild damage to the SN with no injury of the PN fibers, whereas ablation with <55 C often provoked a new atrial tachycardia associated with a conduction delay between the SVC and the RA. On the other hand, in group 2 it was seen that RFA at the lateral SVCJ could cause severe destruction to the collateral tissues including the PN.
Initial and Optimal Temperature for the SVCI
Earlier studies on RFA of pulmonary veins and SVC have shown the occurrence of irreversible electrophysiologic changes at ablative temperatures exceeding 50 C. 17) Therefore, o-RFA for SVCI in the present study was commenced at !50 C. It was found that application at <55 C to the SVCJ resulted in the development of a new arrhythmogenic substrate between the SVC and the RA, whereas o-RFA at 60 C caused sinus arrest in 2 cases. Contrariwise, out of 5 cases (#3, 5-8) in which o-RFA was performed at 55 C, 3 (#6-8) showed successful elimination of the SVCPs with only one energy delivery (Table 1) . Furthermore, in 2 (#7, 8) of these 3 cases, the area of thermal injury was limited to 10% of the entire SN tissue ( Table 2) . From the safety and efficacy points of view, these may indicate that the optimal o-RFA temperature for SVCI is considered to be 55 C in the present study.
Arrhythmogenicity of Ablation and Adverse Effect on the SN
A new sustained atrial tachycardia was induced in 3 cases (#2, 4, 5) by extrastimulation from the RA after o-RFA at <55 C ( Figure 3) . The mechanism of this tachycardia could not be accurately determined because of insufficient evaluation including pacing studies during the tachycardia; however, as reported by Liu et al. 18) it is likely that a slow conduction pathway newly appeared in the SVCJ after o-RFA. Namely, after the ablation, conduction of the premature A2 impulse to the SVCP2 was gradually prolonged as the coupling interval was shortened. Finally, at the interval of 210 msec the conduction delay became sufficient to allow the impulse of the SVCP2 to return to the RA through a different exit site, thus initiating a reentrant tachycardia ( Figure 3 , right panel). In addition, the fact that the conduction time between the A2 and the SVCP2 was much longer than that between the A1 and the SVCP1 in the right panel of Figure 3 may suggest that the thermal injury newly produced a decremental conduction between the SVC and the RA. It is also possible that such an abnormal conduction resulted from the presence of a gap due to incomplete encircling lines or from a mild grade of heat injury of the SVCJ giving rise to an anisotropic conduction within the SVC and/or high RA. 18, 19) The precise location of the whole reentrant circuit remained unknown; however, judging from the atrial activation sequence during the tachycardia, e.g., from the 7-8 to 5-6 electrode pair on the F spline, the reentry was possibly considered to exist below the proximal electrode pair of the splines. On the other hand, the occurrence of sinus arrest due to thermal injury of the SN has scarcely been reported in the past. 8) Histologically, Kalman et al. 20) demonstrated that RFA applied to the canine SN region caused an area of fibrosis, with a complete loss of nodal cells and sympathetic innervation. In our cases, on the contrary, such a severe histological change of the SN itself was not observed at all, which may partly be ascribed to our unique system (details given below), as well as the complex structure of the SN that is at least partially insulated from the surrounding RA. 21) Thus, there may be a low probability that such an acutely injured portion of the SN will result in sick sinus syndrome in the long term since there was only mild injury of nodal cells and hardly any destruction of autonomic nerve fibers within the SN ( Figure 4B ).
Advantages and Disadvantages of o-RFA as Compared to RFA
Since our ablative procedure was carried out on the condition that the SVC orifice was completely occluded, the ablative site had no convective cooling at all. This aspect was a major difference from the conditions during RFA. 22) Furthermore, in the RFA system, the convective cooling makes the catheter tip temperature a poor predictor of the extent of the lesion formed by ablation. 23) Likewise, Nakagawa et al. 24) indicated that, in the RFA system, the temperature measured at the catheter tip in contact with the endovascular surface might underestimate the deeper tissue temperature by as much as 25 C. Such a great difference of temperatures between endocardial and deep sites can play an important role in the occurrence of inadvertent collateral damage associated with RFA. This scenario is proved by the fact that in our case #14 a great injury to the epicardial tissues including the PN near the SVCJ 12) was caused by RFA at an ablation temperature of 55 C. On the contrary, our occlusive system has the feature that there is no more elevation of temperature on the epicardium than on the endocardium because no convective cooling exists during energy delivery, leading to a smaller volume of damaged lesions caused by o-RFA compared with the conventional technique.
25) The safety due to this ''non-cooling effect'' was histologically proven by the absence of damage in the PN fibers in the proximity of the SVCJ and by the lack of stenosis of SVCJ unlike the damage associated with conventional system. [7] [8] [9] [10] [11] 26) Therefore, these findings may support the possibility that a TBC is superior to a conventional catheter in ablation on thin-walled structures such as veins or the posterior left atrial wall. Additionally, regarding the number of energy deliveries, the conventional system often needs 2 to 7 current deliveries for successful SVCI. 6) In our system, on the other hand, complete elimination of the SVCPs could be attained by only 1-3 energy applications. This outcome may be partly ascribed to the special advantage that o-RFA can yield a broad area of transmural and circumferential ablative lesions more easily than is possible with RFA.
It must be admitted, however, that our system is not without certain disadvantages. For instance, the first issue is the inadvertent effect on the SN. This originates from a technical limitation requiring that lesions ablated by a mean of two energy applications consist of a circumferential wide area with an average width of about 15 mm ( Table 1, 2) . Therefore, this issue may be resolved by an upward shift in the position of the deployed balloon and/or by decrease of the pressure applied in holding the balloon. Second, a balloon filled with fluid cannot be sufficiently heated by the conventional system, since its frequency (500 KHz) is too low to pass through the balloon membrane. Third, obstruction of the SVC for as long as 5 min may well have an adverse effect on cardiac hemodynamics. However, a mild decrease in the arterial blood pressure was only transiently observed during energy delivery, and no specific treatment was required. Finally, the generation of a new reentrant tachycardia utilizing the SVCJ after o-RFA may be a disadvantage. It is very likely that the ablation at a lower temperature could play an important role in providing a new reentrant circuit. Therefore, this problem could be completely solved in subsequent o-RFA by setting the temperature higher.
Limitations
This study has some limitations. First, no damage of the PN fibers associated with o-RFA could be proved by histological findings alone, whereas no attempts were made to assess functional assessment of the PN. Therefore, it may not be possible to definitely confirm that o-RFA resulted in on injury on the PN. Second, the temperature was measured only on the endocardial site during ablation. Thus, it was unknown what the actual temperature was on the epicardial site. Third, although the critical temperature for the creation of the SVCI by o-RFA was determined as 55 C, the best temperature setting for little or no damage to the SN remains unclear. Fourth, SVCJ was determined by SVC angiography in this study; however, it might be more precisely done with intracardiac echocardiography. 26) Fifth, in the present study, the ratio of the PN injury caused by RFA was lower compared with a previous porcine RA experimental report 9) (former vs. latter; 1/5 vs. 9/12). This may partly depend on the difference in the ablative sites 12) in the two studies (the SVCJ vs. the RA free wall), and may partly depend on our protocol: we did not evaluate before ablation whether or not high output pacing at the endocardial ablative sites could result in direct capture of the PN. 26, 27) In other words, this may confirm that RFAs at sites without direct capture of the PN cannot cause any histological changes to the nerve. Finally, the maximum ablative temperature and wattage delivered in group 2 were set to higher values than in the usual clinical procedure ( 50 C and 30 W); 6) therefore, these excessive conditions may have partly contributed to severe injury to the collateral tissue.
Clinical Implications
It is obvious that these results do not warrant immediate application of this technique to human cases because of the small number of animals studied. Also, the confirmation of an effect on the SN function and no development of SVC stenosis in a chronic model will require the further investigation. We can, however, suggest that o-RFA on thinwalled structures such as the SVCJ region can more easily and safely be achieved than RFA.
Conclusion
Occlusive ablation using our TBC at the SVCJ with the setting of 55 C as the cut-off value may be superior to standard non-occlusive ablation at 55 C because the former system could easily achieve SVCI and not cause any collateral damages.
